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Impatiens f/anaganiae Hemsl. is a rare plant which preferentially grows in shady conditions and exhibits strong apical 
dominance. The morphological plasticity of I. flanaganiae in response to light intensity in laboratory conditions was 
investigated. Unbranched planllels of I. flanaganiae propagated from tubers were exposed to three light regimes: 30, 
55 and 280 microeinsteins m·2 sec·1 for a period of seven weeks. Plants grown under lower light inlensity (3D-55 
microeinsteins m·2 sec·1) developed long unbranched stems about 65 em in length and fewer leaves with a large leaf 
area. In contrast, reduced stem extension (up to 35 em) and multiple lateral branches were observed in plants exposed 
to higher light intensity (280 microeinsteins m·2 sec·1). A significant increase (at 5% level) in the number of leaves in 
plants from this variant was found to be inversely proportional to the leaf area. Extended exposure of the plants to 
higher light intensities seems to be stressful and resulted in abnormal biochemical and morphological changes such as 
chlorosis, necrosis and curling of the leaves. The strong increased premium on lateral growth of I. flanaganiae, 
induced by light intensity of 280 microeinsteins m·2 sec·1 resulted in a greater number of lateral branches which were 
found to be suitable for Its rapid and more efficient propagation in vivo by cuttings or in vitro by shoot tip culture. 
Keywords: Apical dominance, lateral branches, light intensity, Impatiens flanaganiae. 
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Introduction 
Light availability is an important environmental factor which is 
known to affect the growth, development and phenotypic 
plasticity of plants (Schmitt 1993). Light is highly heterogenous, 
and therefore, changes in both light quantity and quality may 
cause differences in plant reaction norms. It has been reported 
that branching in Impatiens capensis Meerb. is highly responsive 
to light avai labi lity, and morphological traits in this plant can be 
affected by the density of the natural plant population (Schmitt et 
a/. 1987b; Schmitt 1993). Similar responses were observed in 
both Comus florida L. and Acer rubrum L. which exhibit signifi-
cantly lower branching ratios in forest habitats than in the open 
fie ld (Pickett & Kempf 1980). In Acer saccharum Marsh. an allo-
metric relationship between height and degree of branching was 
found to be light dependent (Bonser & Aarssen 1994 ). 
Literature review revealed that light quality may also affect 
branch appearance directly, by modifying lateral bud behaviour; 
or indirectly, by changing the rate of bud production (Deregibus 
et al. 1983). Phytochrome is thought to be involved in light 
induced adventitious shoot formation in various plants (Downs 
1955; Hopkins & Hillman 1965; Saitou et at. 1992). It has been 
shown that a low red/far red ratio of light which is a characteris-
tic of suns·et light and exists especially under the canopy of other 
plants, results in photomorphogenic responses such as longer 
stems and internodes and fewer branches in most plants (Morgan 
& Smith 1981; Mitl;hell & Woodward !988; Robin et at. 1994). 
In contrast, a high red/far red ratio similar to daylight existing in 
exposed crowns led to the development of more nodes and 
branches in Lolium perenne L., Lolium multijlorum Lam. 
(Deregibus et al. 1983 ) and in Ruppia maritima L. (Rose & 
Durako 1994 ). 
Lateral branching in plants that normally exhibit apical domi-
nance, can also be induced by decapitation and selective bud 
excision (King & van Staden 1990) or by shoot inversion (Cline 
& Riley 1984; Prasad & Cline 1985) as a result of which lateral 
buds are permitted to develop into side branches. Apical domi-
nance is thought to be hormonally regulated. Physiological 
studies have indicated that auxin found in the apical bud is 
responsible for inhibiting the growth of lateral buds (Thiamann 
& Skoog 1933; Sachs & Thiamann 1967; Woolley & Wareing 
1972). 
One of the plants exhibiting strong apical dominance in nature 
is Impatiens flmwganiae Hems!. which generally grows under 
shady conditions. It is a rare plant found in a few areas, of South-
em KwaZulu-Natal and the Eastern Cape of South Africa which 
has horticultural and medicinal potential (Bosa & Cloete - per-
sonal communication; Grey-Wilson 1980). It propagates mainly 
vegetatively from tubers and has a long dormant period of about 
six months. Preliminary studies revealed that lateral branching in 
the plant can be induced by exposing it to a light intensity higher 
than found in its natural environment (Bosa & Nikolova 1995). 
The morphological plasticity of I. flanaganiae, in response to 
light availability was studied in this paper. 
Materials and Methods 
Plant propagation 
Thbers of /. jlanaganiae were collected from the Port St. Johns area 
of the Eastern Cape. Tubers were initially propagated for two weeks 
in pots containing Kompel potting soil at room temperature 22 ±2·c 
on lab benches where daily light levels were in the region of 55 
microeinsteins m·2 sec·1• Under these conditions plants developed a 
single stem. Plants with 5-7 nodes (10- 15 em in length) were 
selected for the experiment. The plants were randomised into 3 
groups of 30, each one being exposed to a particular set of light con-
ditions over a period of seven weeks during which all the data con-
cerning the studies were recorded. 
The first group (variant I) was left at room temperature in the lab-
oratory receiving a daily light intensity of 55 microeinsteins m·2 
sec·1 in the lab. This light intensity is similar in quantity to that found 
in the mid canopy of forests where Impatiens flanaganiae grows. 
The plants from the other two groups (variant II & variant III) were 
transferred to a growth room at 22-2YC, relative humidity 65% and 
exposed to a photoperiod of 16 hours. Plants from variant n were 
exposed to a light intensity of 280 microeinsteins m·2 sec·1 using 
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Figure 1 Effect of different light intensities (55, 280,30 microeinsteins m·2 sec·1: variants I, H and III respectively) on lA plant length (em). 
lB number of nodes, lC number of leaves and lD changes in leaf area (sq. em) on the plants of /. jla11aga11iae. Data arc means for 15 plants. 
Bar represents the standard deviation of each treatment. 
metal halide lamps as the light source. These lamps produce photo-
synthetically active light in the range of 400-800 nm with a red/far 
red ratio of about 4. Some of these plants were transferred back to 
light conditions of 30-55 microeinsteins m·2 sec· ' after 3-5 weeks. 
Plants of variant Ill were grown under black shade cloth which 
reduced the light quantity to 30 microeinsteins m·2 sec·1• In an 
attempt to establish the best conditions for propagation, some of the 
unsprouted tubers were propagated under a light intensity of 280 
microeinsteins m·2 sec·1 from the beginning of the experiment . 
The effect of decapitation on lateral bud behaviour was also 
studied by the excision of the apex of the plants from variants I and 
III which exhibited strong apical dominance. Plants from all variants 
were watered daily to prevent water deficit and fed once weekly with 
a solution of Kempel Chemicult plant food containing trace 
elements. 
Growth measurements 
Stem elongation of the plants was measured in em and the number of 
nodes and leaves were counted. Average leaf areas (30 leaves per 
variant) were determined using the Delta T Area Meter (manufac-
tured by Delta T devices, England). All measurements were taken 
once weekly over a period of seven weeks. The entire experiment 
was repeated three times. Analysis of variance (ANOYA) was done 
to compare the morphological characters of all the variants and to 
determine statistically significant differences between the variants. 
Results 
Effect of light intensity on the growth of /. flanaganiae 
Our results revealed that tubers of/. jlanaganiae collected from 
natural populations could be propagated in pots under laboratory 
conditions throughout the year without the plants undergoing the 
donnant period that is normally experienced in nature. Plantlets 
(10-15 em in length) which were exposed to different light quan-
tities with specific qualities for seven weeks showed an increase 
in vertical growth but differed in their growth rate depending on 
the light intensi ty. Plants from variants I and III subjected to 
lower light intensities exhibi ted morphological characteristics 
similar to those of plants growing in their natural habitat and had 
long unbranched, fleshy stems reaching an average height of 50.4 
± 2.42 em and 64.6 ± 1.62 em respectively. Plants under higher 
light intensity with a high red/far red ratio (variant II) tended to 
have significantly shorter, branched stems (at 5% level) reaching 
an average height of 35.6 ± 1.02 em by the end of the seventh 
week. Differences in stem height between variants were found to 
be significant from the second week onward (at 5% level). 
(Figures I A and 2). 
Light intensity also had a significant effect on the number of 
nodes and branch appearance on the main stem. At the time of 
exposure to the different light regimes the plantlets had 5 to 7 
nodes and exhibited no branching at these nodes (all variants). 
By the end of the experimental period the plants grown under 
conditions of low light intensity (variants I and III) had doubled 
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Figure 2 /. flanaganiae grown under different light intensities tor 2-3 weeks: 2A. High light intensity (280 microeinsteins m·2 sec·1); 
reduced stem growth and induction of lateral branches resulting in bushy appearance. 2D. Low light intensity (30-55 microeinsteins m·2 sec·ll; 
development of long unbranched stem and inhibition of lateral bud growth. Scale bars: 10 em. 
the number of nodes and had no lateral buds. Those plants sub-
jected to higher light intensity had a fourfold increase in node 
number. (Figure lB). The significant increase in the number of 
nodes (at I % level) in plants of variant II was accompanied by 
the simultaneous development of lateral buds at the new and old 
nodes. These buds developed into lateral branches and had the 
capaci ty to branch further. Branches that developed on the lower 
(older) nodes were thicker and longer than those developing fur-
ther up the plant. In our preliminary experiment, plants that were 
sprouted under high light intensities right from the beginning 
showed a significant reduction in stem length and had strong 
branching from the base of the stem resulting in a plant with 
bushy habit. 
It was also possible to initiate lateral branching in /. jlanaga-
niae by removal of shoot apices in plants exhibiting strong apical 
dominance (variants I and III). However the newly developed 
branches formed only on the upper nodes and were fewer 
compared to plants in which branching was induced by exposure 
to higher light intensity (variant II). Transfer of plants of variant 
II back to lower light intensity resulted in a reversal of the mor-
phological changes i.e. newly developed nodes showed no lateral 
branching under these conditions (Figure 3). 
Morphological changes in leaves caused by light 
The leaves from different variants showed variation in number, 
leaf area and texture. Variants I and III exhibited a very slight 
increase in the total number of leaves during the experimental 
period compared to variant II which underwent a six fold 
increase in leaf number and had significantly more leaves (at 5 % 
level) than the other two variants from week 2 onwards (Figures 
lC and 4). In variants I and III leaf area was found to increase 
steadily over the entire experimental period especially in variant 
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Figure 3 Plants from variant If kept under high light intensity (280 microeinsteins m·2 sec· 1) for 4-5 weeks and then transferred back to 
lower light levels (:\0- 55 microeinsteins m·2 sec·1): reversal of morphological changes. Scale bar: 10 em. 
III where the largest leaf area was recorded (Figure ID). Leaf 
area is the only morphological parameter in which the differ-
ences between these two shade variants were found to be highly 
significant (p < 0.05). 
Newly developed leaves in plants exposed to higher light 
intensities (variant II) showed significantly reduced growth (at 
5% level) resulling in smaller leaf areas. The plants in variants I 
and III had leaves that were uniform in size over the entire plant. 
Those of variant II had bigger leaves at the base and smaller 
leaves at the upper end of the plant resulting in the observed 
decrease in average leaf area seen after week 4 (Figure I D). 
Apart from the obvious decrease in leaf size in this variant, 
leaves also showed other morphological changes such as leaf 
curling in the new leaves which was accompanied by thickening 
of the leaf tissue and eventually chlorosis and necrosis (Figure 
5). Premature senescence was observed in the older leaves. 
Extensive chlorosis and bleaching of the leaves of plants that had 
been sprouted at high light intensity (see materials and methods) 
were seen. 
Discussion 
Plants of l.flanaganiae displayed a strong morphological plastic-
ity in response to light availabi lity when propagated indoors or 
under controlled laboratory conditions. 
Plants from variants I & III subjected to low light intensity and 
specific light quality exhibited strong apical dominance commit-
ting stem growth exclusively to vertical extension without devel-
oping side branches. Apically produced auxin is considered to be 
the primary signal in the mechanism of apical dominance (Knox 
& Wareing 1984; Yang et al. 1993; Taylor et al. 1995) and it can 
indirectly suppress axillary bud outgrowth (Cline 1991 ). Auxin 
that is externally applied directly onto plants of Pisum sativam L. 
was also found to stimulate stem elongation (Hall et a/. 1985; 
Yang et a/. 1993). Some studies indicate that the level of free 
auxin in plants can be affected by light quality. An increase in 
auxin synthesis was observed in young leaves of tomato plants, 
illuminated by far red light which is found to prevail in shade 
conditions. The higher level of auxin in turn induced the forma-
tion of abscisic acid in or near the axillary buds and thus indi-
rectly inhibited bud outgrowth (Thcker 1976). A similar response 
showing inhibition of lateral bud growth and development or 
unbranched stems with the extensive elongation of the lower 
internodes was observed in Impatiens flanaganiae plants sub-
jected to low light intensities where a lower red/far red ratio is 
expected. 
The reduced stem growth rate recorded in the plants from vari-
ant II that was subjected to higher light intensities (higher red/far 
red ratio) is in agreement with the findings of earlier researchers. 
Red light was found to decrease the epidermal level of auxin and 
thus reduced the extension growth rate of etiolated seedlings of 
Pisum sativam L. by 70 to 90% (Behringer & Davies 1992). 
There are some reports of in vitro, photo-oxidation of auxin 
under high light intensities (Taiz & Zeiger 1991) Some products 
of such photo-oxidation have been isolated from plants but the 
pathway of IAA photo-oxidation and its role, if any, in plant 
growth regulation is not known. An auxin inhibiting substance 
was isolated from light grown maize shoots, which inhibited the 
auxin induced elongation in the Avena coleoptile test (Hasegawa 
et al. 1992). The possibility of such mechanisms in the regulation 
of auxin level in /. jlanaganiae under high light could be 
expected. The observed reversal of morphological changes in the 
plants of variant II due to lowering of light intensities and proba-
bly changes in light quality suggests the possible role of light on 
regulation of auxin level and subsequently on apical dominance 
in/. flanaganiae. 
The reduction in growth rate of /. flanagmriae subjected to 
high light intensity was accompanied by the promotion of lateral 
branches at a higher rate. Strong lateral branching induced in /. 
flanaganiae was similar to the responses reported in /. capensis 
(Schmitt 1993) where the branching in the plant was found to be 
directly proportional to light availability. Relaxation of apical 
dominance and strong branching has also been observed in plants 
of Cirsium palustre L., Galeobdolon luteum L. and Sanicula 
europea L. and is thought to be due to the existence of a higher 
ratio of red to far red light (Mitchell & Woodward 1988). A sim-
ilar si tuation appears to exist in Lolimn multiflorum Lam. plants 
where it was found that the high red to far red ratio increased the 
number of branches per plant (Casal et al. 1985). The light inten-
sity to which the plants from variant II were subjected had a high 
red to far red ratio and the possibility of phytochrome involve-
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Figure 4 Effect of light on the number of leaves of I. flanaganiae subjected to different light intensities for 4-5 weeks: 4A. Significant 
increase in the number of leaves (at 5% level) under high light intensity (280 microseinsteins m·2 sec·1) as compared to: 4B. Plants grown 
under low light intensities (30- 55 microeinsteins m·2 sec·1) for 4-5 weeks. Scale bars: 10 em. 
ment in the release of apical dominance in !. jlanaganiae could 
be considered. The observed induction of lateral branches by 
higher light intensi ties in this plant is a relatively rapid response 
and could have an application for vegetative propagation of the 
plant. The lateral branches which developed on the lower nodes 
in /. jlanaganiae were much stronger and had a higher potential 
to extend than the upper ones. King and van Staden (1990) 
reported similar behaviour in decapitated peas and attributed this 
to the fact that the lower buds on the shoot are Jess under the 
inhibitory influence of the auxin present in the shoot apex and 
therefore have a higher potential to extend than the upper ones. 
Less branching was observed in plants from variants I and lli 
from which the shoot apices had been removed. Severa.! other 
researchers reported similar responses with various other plant 
species (Harrison & Kaufman 1980; Gocal et at. 1991; Li et al. 
1995). The decapitation of Phaseolus vulgaris L. resulting in the 
increase of lateral branching was attributed to an increased con-
centration of auxin at the site of lateral buds, thus promoting 
lateral branching (Hillman et at. 1977). 
Further studies will be required to clarify the factors, particu-
larly light quality and quantity affecting the levels of auxin in /. 
f/anaganiae with relation to the observed morphological 
changes. 
The promotion of lateral branching in !. jlanaganiae by high 
light intensity (high red/far red ratio), could be advantageous for 
vegetative propagation but only if the plants are exposed to these 
conditions for a short period of time. The reason behind this is 
that prolonged propagation of this plant under high light intensi ty 
and speci fic quality led to some abnormal morphological leaf 
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Figure 5 I. flanaganiae kept under light intensity 280 microeinsteins m·2 sec·1 for an extended p~:: riod of 6-7 weeks: premature s~::nesccnc~::, 
chlorosis, l~::af curling and decrease in leaf size at the upper end of the plant. Scale bar: I 0 em. 
changes such as leaf curling, further reduction in leaf expansion, 
necrosis, premature senescence of older leaves and an overall 
thickening of these leaves (see Figure 5). Similar responses were 
reported by Kamaluddin and Grace (1992) who found that 
Bischofia javanica Blume. seedlings grown under high light 
intensity developed thick leaves that adopted a downward posi-
tion forming a curvature along the midrib, thus minimizing the 
interception of incident light. This could possibly be the reason 
for the leaf curling observed in l.flanaganiae. An increase in leaf 
thickness was also observed in Plectranthus parviflorus Henckel. 
when the photosynthetically active radiation was increased 
(Nobel & Hartsock 1981). 
The increase in the number of newly developed leaves seen in 
plants after exposure to higher light intensity (variant II) might 
be an attempt to compensate for the reduced photosynthetically 
active surface as was observed in /. capensis (Bonser & Aarssen 
1994 ). The further decrease in leaf area and growth rate of the 
new leaves in these plants at a later stage could be due to compe-
tition for nutrients because of the development of many growing 
points simultaneously. 
Plants grown under lower light intensities had fewer leaves 
that were much larger but thinner, similar to the plants in a natu-
ral environment. An increase in specific leaf area due to the low 
fluence rate has been previously noticed in Chenopodium album 
L. (Morgan & Smith 1981 ). In contrast, other findings reported 
that shade treatments had no effect on the leaf area of Commelina 
communis L. (Assman 1992) and on sweet potato (Oswald et al. 
1994). 
Considering the morphological characteristics of /. flanaga-
niae under different light regimes, a light intensity of 55 microe-
insteins m·2 sec·1 and a room temperature of 22- 25' C seem to be 
the most suitable for initial sprouting and indoor propagation of 
the plant. Subjecting the plant to a light intensity of about 280 
microeinsteins m·2 sec·1 for a short period (2-3 weeks) could 
have an advantage only for inducing lateral shoot tips which can 
be used for vegetative propagation both in vivo and in vitro 
(unpublished data). The appearance of newly developed plants 
could be modified by exposure to different light regimes because 
the plants display morphological plasticity in response to light 
intensity. Continuous propagation under low light intensities pro-
duced straight unbranched plants similar to the plants from the 
natural populations. Exposure to high light intensi ty for 2-3 
weeks resulted in short plants with a bushy appearance. Pro-
longed exposure to these conditions was found to be extremely 
stressful for the plants and is not recommended for healthy vege-
tative propagation. 
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